on a topic to inform urgent policy and practice decisions (Ganann et al., 2010; Harker and Kleijnen, 2012 ; National Collaborating Centre for Methods and Tools, 2012) . Frequently, the time frame available may be shorter than the typical 6 months to a year required to complete a full SR (Hemingway and Brereton, 2009) . To better align with the needs of decision makers and other knowledge users, the rapid review (RR) has emerged as an approach to synthesizing research evidence when a shorter time frame (e.g. less than 6 months) is required (Ganann et al., 2010; Harker and Kleijnen, 2012; Khangura et al., 2012) .
Although there is currently no standardized approach for conducting RRs, they generally follow the same methodological process as traditional SRs but with one or more methodological shortcuts (Ganann et al., 2010; Harker and Kleijnen, 2012) . Some methodological shortcuts that have been adopted in RRs include addressing a narrower research question (e.g. specific to a particular study population or setting), limiting the number of electronic databases searched, limiting or eliminating the search of the grey literature, defining narrower study eligibility criteria (e.g. study design, language, location, publication dates), screening and reviewing by a single reviewer, eliminating risk-of-bias assessment and not carrying out meta-analyses (MAs) (Ganann et al., 2010; Harker and Kleijnen, 2012; Cameron et al., 2007; Grant and Booth, 2009; Van De Velde et al., 2011) . While methodological shortcuts allow reviews to be conducted in less time and with fewer resources than a full SR, they may also increase the likelihood of introducing bias into the review process (Ganann et al., 2010; Harker and Kleijnen, 2012) . The full implications of what is lost in terms of rigour, increased bias and accuracy of results when conducting a RR have not yet been elucidated (Ganann et al., 2010) .
To date, there has been little research evaluating the impact of applying RR processes or comparing the outcomes of RRs and SRs addressing the same question. A pilot study by Buscemi et al. (2006) found that data extraction by a single reviewer generated more errors than double data extraction with two reviewers. However, the greater error rate did not translate into substantial differences in 'the direction, magnitude, precision or significance of pooled estimates for most outcomes' (Buscemi et al., 2006) . In the only comparative study to date, Cameron et al. (2007) evaluated differences in methodologies and conclusions among four sets of SRs and RRs on the same topic published in the literature. They found that despite 'axiomatic differences' between the evaluated reviews, there were 'no instances in which the essential conclusions of the different reviews were opposed'. Less formally, Van de Velde et al. (Van De Velde et al., 2011) noted in a letter to the editor that a SR (Vlachojannis et al., 2010) published in the journal concluded oppositely to their RR addressing the same topic (De Buck and Van Velde, 2010) .
In this paper, the potential implications of four different methodological shortcuts on the outcome(s) of three completed SR-MAs addressing agri-food public health topics are assessed. For each review, the four methodological shortcuts were applied individually to assess the impact of the shortcut on the overall number of relevant studies included in the review and to evaluate whether omitted studies affected the direction, magnitude or precision of summary estimates from MA.
Methods

Selection of systematic review meta-analyses
Three SR-MAs evaluating the effectiveness of various agri-food public health interventions were selected as case studies (Greig et al., 2012; Wilhelm et al., 2011; Bucher et al., 2015) . The review questions for each SR-MA are provided in Table 1 . These SR-MAs were purposively selected because we had full access to their protocols, data collection forms and most data files, thereby ensuring that the original review processes could be duplicated.
Methodological shortcuts
For each SR-MA, the search and relevance screening steps were recreated while applying one of four methodological shortcuts. Each shortcut was applied separately while keeping all other methodological processes consistent with the original SR-MA. An overview of the process is provided in Figure 1 . An initial list of Greig et al. (2012) Do primary processing interventions reduce contamination of beef carcasses with generic or pathogenic E. coli (measured as prevalence or concentration)? Wilhelm et al. (2011) What is the effect of hazard analysis critical control point (HACCP) programs on microbial prevalence and concentration on food animal carcasses in abattoirs through primary processing? methodological shortcuts was developed based on a rapid scan of published RRs and methodological papers about rapid reviews:
1 Published RRs. A search was conducted in Scopus (SciVerse) using the search terms 'rapid review' and 'rapid systematic review'. Scanning the search output identified 43 articles on RRs, of which 38 were available in full text through institutional holdings. Data regarding the methodological processes reported in each RR were extracted and reviewed. 2 Methodological papers on RRs. The following methodological papers were reviewed: two reviews of published RRs (Ganann et al., 2010; Harker and Kleijnen, 2012) , two articles describing the authors' experiences in conducting RRs (Khangura et al., 2012; Thomas et al., 2013) , a survey of HTA agencies (Watt et al., 2008a) and two papers describing comparisons between RRs and SRs on the same topic (Van De Velde et al., 2011; Watt et al., 2008b) .
Based on feasibility and prior use in the literature, the following four methodological shortcuts were selected for evaluation:
i Limiting the search of bibliographic databases to the one yielding the highest number of records from the search algorithm, in addition to ancillary sources searched in the original SR-MA (e.g. grey literature, handsearching of key journals, reference lists and consultation with experts). ii Limiting the search to bibliographic databases (i.e. excluding the grey literature and other non-bibliographic sources from the search). iii Limiting inclusion of studies to those in which the full text was available electronically through institutional holdings or publicly online (i.e. excluding studies that must be requested or photocopied from print sources). iv Relevance screening of titles and abstracts by a single reviewer (rather than by two independent reviewers).
Shortcut 1 -one bibliographic database plus ancillary sources
For each SR-MA, the search documentation was examined to determine which of the included bibliographic databases yielded the largest number of records. The records obtained from the single database were imported into a reference management program and merged with records arising from ancillary sources (e.g. grey literature search, hand-searching, consultation with experts), as reported in the original SR-MA. Studies included in the original SR-MA were cross-checked against these records to identify the relevant studies missed by not including the other bibliographic databases in the search.
Shortcut 2 -limiting the search to bibliographic databases
For each SR-MA, only records arising from the bibliographic database searches were imported into a reference management program. Studies included in the original SR-MA were cross-checked against these records to determine if, and how many, relevant studies were missed by omitting the grey literature and other nonbibliographic database sources from the search.
Shortcut 3 -papers available electronically
A search was conducted to determine whether studies included in each of the original SR-MAs were readily available in a full-text electronic format (e.g. PDF, html), either publicly online or through institutional holdings Figure 1 . Overview of study process for evaluating the potential implications of methodological shortcuts on the outcome of rapid reviews. This process was repeated for each of three original systematic review meta-analyses.
(TriUniversity Group of Libraries, http://www.tug-libraries.on.ca/). Studies were excluded if the full text was only available in print, through a library request or purchase through the publisher.
Shortcut 4 -single reviewer for title and abstract relevance screening
The potential implication(s) of this methodological shortcut was assessed by rescreening titles and abstracts for relevance in duplicate with two independent reviewers. Reviewer A was a veterinarian, had a master's degree in epidemiology and had over 5 years of experience in relevance screening for reviews in agri-food public health. Reviewer B had a master's degree in public health and over 2 years of experience in relevance screening for reviews in agri-food public health. The reviewers were blinded to the study design and objectives and to the identity of the other reviewer. Prior to screening, the reviewers were provided a short document containing background information, the eligibility criteria and the relevance screening tool for the review. Each reviewer was then assigned a practice pre-test of 50 records of potentially relevant studies to screen in order to ensure adequate understanding of the review topic and screening criteria. Pre-test results for each reviewer were analysed using Cohen's kappa (k), which assessed the extent of each reviewer's agreement with the results of the original review in the preceding texts that expected by chance alone (Cohen, 1960) . During screening, the reviewers did not have access to the other reviewers' responses. Studies included in the original SR-MA were cross-checked against the list of records included after screening by each reviewer to determine if, and how many, relevant studies were excluded. 
Review management and data analysis
Results
Impact on the number of relevant studies omitted or excluded
The numbers of studies included in the original SRs and those remaining after implementing each methodological shortcut are displayed in Table 2 . Single relevance screening by 'Reviewer B' resulted in the highest number of relevant studies omitted from the Bucher et al. (2015) and Wilhelm et al. (2011) reviews, with 2/18 and 11/19 excluded respectively. Limiting the bibliographic database search to one database resulted in 15/36 relevant studies not being captured in the Greig et al. (2012) search and were thus omitted from the review. The number of separate MAs performed in each review and the number impacted by each shortcut are described in Table 3 . The observed effects on the direction, magnitude, precision and heterogeneity of summary estimates are summarized by shortcut type.
Shortcut 1 -one bibliographic database plus ancillary sources
Overall, limiting the search of bibliographic databases to one database plus the ancillary sources affected the highest number of MAs (n = 15). The affected MAs are listed in Table 4 with their original summary estimate Table 2 . Impact of the four methodological shortcuts on the number of relevant studies included.
Systematic review meta-analysis
Bucher et al.
Greig et al.
Wilhelm et al. Greig et al. (2012) review, limiting the search output to MEDLINE/PubMed and other non-bibliographic database sources resulted in 15/36 relevant studies being omitted from the search, and thus, affecting 13/18 MAs. The shortcut was also applied with the output from CAB Abstracts/CABI (n = 715) because the database yielded only 16 fewer hits than MEDLINE/PubMed (n = 731) and was hypothesized to have a higher sensitivity because of its subject coverage that includes agriculture, veterinary science and food science (CABI, 2014) . Applying the shortcut with the output from CAB Abstracts/CABI resulted in more relevant studies being omitted from the search (17/36) than with MEDLINE/PubMed (15/36), and so further analysis was discontinued with the CAB Abstracts/CABI output. Of the 13 MAs affected in the Greig et al. (2012) review, five MAs were no longer possible because fewer than two studies remained. One MA by Greig et al. (2012) found that the odds of detecting an Escherichia coli-positive beef carcass was 5.233 (95% CI: 0.128-214.186) when spray chill was applied. Applying the shortcut resulted in all but one trial being omitted; this trial found a reduced odd of carcass contamination after spray chilling (OR 0.097, 95% CI: 0.057-0.165).
Shortcut 2 -limiting the search to bibliographic databases
This shortcut was not applicable to the Bucher et al. (2015) review because the original search was performed exclusively in bibliographic databases. Use of the shortcut resulted in one MA from Greig et al. (2012) to no longer be possible because the original analysis was based on five trials from the same study, which was a study reported in an unpublished research report, and thus, not indexed in any commercial databases. For the Wilhelm et al. (2011) review, four of five MAs were affected (Table 5 ) -one MA that was no longer possible because all but one study was omitted, and three MAs yielded an odd ratio numerically close in value to the original but with a wider confidence interval.
Shortcut 3 -papers available electronically
Limiting eligibility criteria to studies directly available to the authors in an electronic format had no impact on the Bucher et al. (2015) review and resulted in one study (that was not included in any MAs) being omitted from the Wilhelm et al. (2011) review. The shortcut affected three MAs from the Greig et al. (2012) review (Table 6 ): Two were no longer possible because fewer than two trials remained, and one MA resulted in a larger standardized mean difference (SMD) value, but with a wider confidence interval (SMD À0.243 (95% CI: À0.553-0.067) vs. SMD À0.414 (95% CI: À1.108-0.280)).
Shortcut 4 -single reviewer for title and abstract relevance screening
The impact of using a single reviewer for title and abstract relevance screening differed between Reviewer A (Table 7) and Reviewer B (Table 8 ). For the Bucher et al. (2015) review, Reviewer A screened in all records corresponding to studies included in the original SR-MA (Table 2) , and thus, had no impact on the results of the review (Table 3) . Records screened out by Reviewer A impacted one MA from the Greig et al. (2012) review, and three MAs from the Wilhelm et al. (2011) review (Table 3) , which resulted in odd ratios numerically closer to the null value of 1 (Table 7) . Single screening by Reviewer B had a large impact on the results of the Wilhelm et al. review (Table 8) Obs, observations; CI, confidence interval; OR, odd ratio; Q, Cochran's Q statistic; n/a, not applicable, SMD, standardized mean difference.
1 Effect estimate from a single trial, not a pooled estimate from meta-analysis. Effect estimate from a single study, not a pooled estimate from meta-analysis. Obs, observations; CI, confidence interval; OR, odd ratio; Q, Cochran's Q statistic; n/a, not applicable, SMD, standardized mean difference. 76.34 <0.001 97.4% All studies excluded n/a n/a n/a n/a Obs, observations; CI, confidence interval; OR, odd ratio; Q, Cochran's Q statistic; n/a, not applicable, SMD, standardized mean difference. Rose et al., 2002) . The latter three were among the 11 of 18 relevant studies screened out by Reviewer B, and thus, would have resulted in a review that found no evidence of hazard analysis critical control point programs being effective in reducing Salmonella spp. contamination in poultry processing plants.
Discussion
The implications of four methodological shortcuts on the outcomes of three completed SR-MAs in the area of agrifood public health were evaluated in this set of case studies. Because each methodological shortcut was applied individually -with all other processes the same as the original SR-MA -we have been able to show the relative impact of each shortcut through the observed differences in the outcomes of the SRs and RRs. This is in contrast to previous comparisons of SRs and RRs on the same topic (Cameron et al., 2007; Van De Velde et al., 2011) , where multiple dissimilarities in the review approaches (e.g. search algorithm, bibliographic databases searched, eligibility criteria) and the conditions in which they were conducted (e.g. extent of access to full-text journal articles, expertise of review team) made it difficult to assess the specific reasons for the observed differences in the outcomes of the reviews. Our approach also allowed us to assess the potential variability in the impact of each shortcut by applying them on three separate reviews and to illustrate the relative impact some methodological shortcuts can have on the results of a SR-MA. This paper is based on a non-random sample of three SR-MAs from the field of agri-food public health. Agrifood public health refers to the cross-cutting and overlapping areas of veterinary public health, food safety and 'One Health' (Rajić and Young, 2013; Sargeant et al., 2006) . Examples of agri-food public health issues include antimicrobial use and antimicrobial resistance, emerging infectious diseases and the prevention and management of hazards in the food chain (Rajić and Young, 2013) . Systematic reviews in agri-food public health may differ from those in human medicine because they commonly include observational studies and challenge trials (where study subjects are deliberately exposed to the disease agent of interest under controlled conditions) . While SRs of randomized controlled trials provide the highest level of evidence about the effectiveness of an intervention, fewer randomized controlled trials are published in this field compared with human medicine . Consequently, the results may differ when the shortcuts are applied to SR-MAs published in other fields of study.
With the exception of two shortcuts applied on the Bucher et al. review, each of the shortcuts resulted in at least one relevant study being omitted from the SR-MAs. The omission of studies had a large impact on the three SR-MAs evaluated in this paper because several of the original MAs were conducted with only a small number of trials or studies, with the result that a third (14/39) of the affected MAs were no longer possible because of an insufficient number of studies (i.e. <2 studies). For some of the review outcomes, the shortcuts increased the potential of the review to miss relevant literature, and thus, draw conclusions that would miss large amounts of evidence. For example, a MA of four trials from the original Greig et al. review found an uninformative odd of generic E. coli carcass contamination after spray chilling (OR 5.233, ). However, limiting the search to one bibliographic database resulted in only one trial remaining (Corantin et al., 2005) , a study that reported a significant reduction in the odds of contamination after spray chilling (OR 0.097, 95% CI: 0.057-0.165). When MA was possible, the omission of studies generally resulted in less precise pooled estimates (i.e. wider confidence intervals). There was significant heterogeneity (p-value > 0.1; I 2 ≥ 25%) in many of the original MAs, and the omission of studies had varying effects on the between study heterogeneity when two or more studies remained in the affected MAs.
Among the three SR-MAs examined, the results of the Bucher et al. review were the least affected by the shortcuts applied. There were a number of features of this review that likely reduced the impact of the searchrelated shortcuts: the specificity of the review question and the limits imposed on the original search. The Bucher et al. review had the most narrowly defined research question of all three reviews, with just one population group (i.e. broiler chicken carcasses), one intervention (i.e. chilling during primary processing) and one pathogen (i.e. Campylobacter spp.). The specificity of the review question may have made identification of relevant studies more straightforward for reviewers, and thus, explain why this review had the highest ascertainment of relevant studies after single screening by both of our reviewers. The search for the original Bucher et al. review consisted of searching six electronic bibliographic databases and was limited to studies published after 2005. These features of the original search likely account for why limiting the search to only one bibliographic database still identified the majority of included papers (94%).
Limiting eligibility criteria to studies readily available in a full-text electronic format decreases the time and costs associated with ordering paper-only archives. The availability of electronic full texts can be related to year of publication, type of publication (e.g. journal article, report, thesis, etc.) and review authors' access to electronic databases and journals. While the advantages of electronic journals have been discussed since as early as 1976 (Senders, 1976) , e-journals only became more widely available in the late 1990s and early 2000s (Oermann and Hays, 2015) . The original Bucher et al. review limited the search to studies published after 2005, which may account for why applying the shortcut of limiting eligibility to electronic full texts had no impact on this review. We did not evaluate the potential variability in the impact of review authors' access to electronic holdings; we had access to the fairly comprehensive electronic holdings of the TriUniversity Group of Libraries, an administrative cooperation between the libraries of three Ontario universities (http://www.tug-libraries.on.ca/).
Relevance screening by Reviewer B for the Wilhelm et al. review demonstrated the potential impact of single reviewer screening on the accuracy and reliability of the screening process. It is unclear why so many relevant studies were screened out by Reviewer B when Reviewer A, in contrast, included 89% of relevant studies, and both reviewers had comparable kappa coefficients in the initial screening pre-test (0.68 vs. 0.72). The large discrepancy between the screening results of the two reviewers highlights the potential risk of bias introduced with single screening. Relevance screening is a critical stage of the review to quickly assess the relevance of a citation based on the limited information reported in the title and abstract of a record (Doust et al., 2005) , and exclusion at this point typically means that the citation is not considered again for inclusion in the review (Edwards et al., 2002) . Thus, based on our results, we recommend the use of two reviewers whenever possible. This recommendation is supported by the findings of other studies that reported relevance screening by two reviewers increased the number of relevant records identified compared with screening by a single reviewer (Doust et al., 2005; Edwards et al., 2002) . While Edwards et al. noted that a single reviewer is likely to identify the majority of relevant studies, they still recommended that screening be conducted by two reviewers whenever possible because it can increase by as much as one-third the number of relevant records identified (Edwards et al., 2002) .
Our findings support the views of Watt et al. (Watt et al., 2008a ) that it may not be possible to validate methodological strategies for conducting RRs, given the inherent topic-specific variability underpinning the research evidence. We found that the impact of the four methodological shortcuts varied between the three SR-MAs depending on the characteristics of each topic. Thus, the impact of any methodological shortcut likely depends on the review question and its scope; rapid review authors must consider the potential size and composition of the research evidence existing for a topic and the time and resources available to conduct the review to determine the most appropriate methodological approach. Applying methodological shortcuts to SRs will make a review more susceptible to bias and/or error; therefore, it is imperative that RR authors are transparent regarding their methodology (Ganann et al., 2010; Watt et al., 2008b) and use caution when interpreting their findings. In the absence of a standardized approach for conducting RRs, transparent reporting of the methods undertaken and potential biases or limitations will better enable end-users to make informed judgments about the validity and utility of the review results.
There have been questions regarding the appropriateness and validity of RRs given the methodological processes used to prepare them (Ganann et al., 2010; Khangura et al., 2012; Watt et al., 2008b) . In light of their potential to miss relevant information, it has been suggested that RRs be viewed only as interim guidance until a full SR can be conducted (Ganann et al., 2010; Watt et al., 2008b) . Watt et al. (2008b) contend that RRs are inappropriate for addressing questions that are complex or require in-depth investigation because they 'cannot realistically be adequately evaluated in the time frame of a rapid review'. Their study, comparing the outcomes of four RRs and SRs addressing the same question, found that the RRs reached 'appropriate conclusions', but that the scope of each RR was substantially narrower than that of the full SR (Cameron et al., 2007) . Consequently, they suggested that RRs may be useful for answering highly refined research questions (Watt et al., 2008a) . While this limits the generalizability of the review findings to other populations or settings, it can allow RRs to inform specific policy or practice decisions in a timely manner.
Our set of case studies demonstrated that there are potentially substantive implications of applying methodological shortcuts to the SR process. However, the small sample size of three SR-MAs limited our ability to determine the range of impacts from each shortcut. Although resource-intensive, replicating this study with a larger and more representative sample of SRs would provide more robust results and further insight into how the review features (e.g. date limits and complexity of the review question) may impact the potential bias of each methodological shortcut. We recommend that future replication of this type of study record the person-hours for each stage of the review -which we were unable to obtain -so the number of person-hours saved by implementing methodological shortcuts can be tabulated. Finally, there are numerous methodological shortcuts reported in the literature to expedite SRs; in this set of case studies, we investigated four that we considered to be important, not previously investigated and with the potential to have a substantive impact on the validity of the review results. Further research evaluating the implications of other methodological shortcuts will better enable RR authors to determine the most appropriate approach to synthesis when time is limited. For example, future research may demonstrate strategies to decrease the resource burden of relevance screening as the use of text-mining algorithms become validated and more widely used for screening.
Conclusion
The results of these case studies demonstrated the relative effects of four methodological shortcuts on the outcomes of three completed SR-MAs. In all but two instances, the shortcuts resulted in at least one relevant study being omitted from the SR-MA; highlighting the risk of missing relevant literature when shortcuts are applied in SRs. Overall, the shortcuts affected 39 of a possible 143 MAs, of which 14 were no longer possible because of insufficient studies. Given that requests for rapid syntheses of research evidence will undoubtedly continue, the results of these case studies further our understanding of the implications of applying shortcuts to the SR process. Future research expanding on this study with a larger and more representative sample of SRs and evaluating the implications of other methodological shortcuts will better enable RR authors to determine the most appropriate approach to synthesis when time is limited. In the absence of a standardized approach for conducting RRs, transparent reporting of the methods undertaken and potential biases or limitations will better enable end-users to make informed judgments about the validity and utility of the review results.
